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本文对利用重组大肠杆菌（E. coli DH5α）发酵生产质粒 pUK21CMVβ1.2 的
培养基及发酵工艺进行系统的研究。首先考察培养时间、转接次数和选择压力对




酪蛋白胨分别为 佳碳源、氮源， 佳碳氮比为 3.82:1。在单因素优化基础上采
用 Box–Behnken 设计法和 RSM 响应面分析法确定出质粒生产的 佳培养基组成
为：酪蛋白胨 (10.42 g L-1)，蔗糖 (9.96 g L-1)，氯化钠 (10 g L-1)，酵母粉 (5 g L-1)，
硫酸铵 (6.4 g L-1)，甘油 (9.80 g L-1)。采用优化后的培养基摇瓶培养 24 h，质粒
的产量和菌体生物量分别达到 51.80 mg L-1 和 2.57 g L-1，分别是初始 LB 培养基
的 3.54 倍和 2.5 倍。 





基恒 pH 值发酵时， 大质粒产量和生物量分别达到 601.9 mg L-1 和 16.78 g L-1，





















With ongoing identification of functional genes modern medical treatments like genetic 
vaccination or gene therapy are beginning to evolve because with these novel therapies illness can 
be cured at the genetic level (genotype) and not by treating the symptoms (phenoptype). 
Production of nucleic acids as an active pharmaceutical ingredient (API) in gene therapy and 
genetic vaccination is gaining more and more importance. Non-viral delivery systems like plasmid 
DNA have become more and more desirable as they are the most attractive gene transfer systems 
for commercial products. Non-viral vectors own theoretically an unlimited insertion 
capacity. They are safety, stable, and in comparison with viruses relatively easier to 
produce. The number of approved gene therapy protocols using plasmid DNA-based delivery 
vectors has increased exponentially since 1995, representing approximately 25% of the ongoing 
gene therapy trials. Consequently, it is important to develop an economic, repeated，easy to be 
magnified plasmid production technology which could yield a great lot of plasmid DNA for  
clinic application. 
 
In this study the recombinant Escherichia coli DH5α containing pUK21CMVβ1.2 was 
employed to produce plasmid pUK21CMVβ1.2. The medium composition for plasmid 
production was optimized, and the fermentation strategy was systematically studied to improve the 
plasmid production. Culture time, transfer times and selectivity press were found less influence on 
plasmid production. Plasmid pUK21CMVβ1.2 was found to have both separate stability and 
structure stability, and the best plasmid harvest time was thirteen hours in LB medium under shake 
flask cultivation. 
 
Through one-factor-at-a-time experiments, sucrose and casein peptone were found to be the most 
suitable carbon and nitrogen sources, for plasmid production by recombinant E. coli 















source as well as C: N ratios in the growth medium on plasmid production, by employing RSM 
and the Box-Behnken design indicated that the optimized medium should contain (g L-1): sucrose 
9.96, glycerol 9.8, casein peptone 10.42, yeast 5.0, (NH4)2SO4 6.4, and NaCl 10.0. By shake flask 
cultivation of the recombinant cells on the optimized medium, a plasmid concentration of 51.80 
mg L-1 and plasmid selectivity of 23.49 mg g-1 were achieved after 24 h of incubation, which were 
approximately 3.5 and 1.7 times higher than those obtained in the LB medium at the same 
conditions, respectively. 
 
Batch and fed-batch cultivation was carried out in 2 L fermenter. Feeding strategies at exponential 
and stationary phase were designed according to the characteristics of cell growth. The results 
showed that feeding at exponential phase with glucose or the optimized medium couldn’t 
significantly improve cell growth and plasmid production. Also feeding at stationary phase with 
optimized medium had the same results as feeding at exponential phase. However, feeding at 
stationary phase with glucose could significantly improve plasmid production with plasmid 
concentration being three times higher than that of batch fermentation, although it couldn’t yield 
higher biomass. Fed-batch cultivation under pH–stat feeding control was found to be able to 
improve significantly cell growth and plasmid production when 2-fold concentration optimized 
medium was used in the batch phase. A plasmid concentration of 601.9 mg L-1 and biomass of 
16.78 g L-1 were achieved, which were approximately 6.63 and 2.53 times higher than those 
obtained in batch fermentation, respectively. 
 



























第一章  文献综述 
1.1  基因治疗和基因载体 


















标记作用的蛋白质的双链 DNA 分子(dsDNA)。也可能是该 DNA 能与宿主细胞里
的目标序列结合，通过阻止 mRNA 或者启动子来抑制特定基因表达的反义 RNA
或者单链 DNA(ssDNA)。基因药物不但可用于治疗疾病[3]，而且可用于预防疾病。
DNA 疫苗又称遗传疫苗或基因疫苗(genetic vaccination)，是近年来兴起的一种以




















10 月，美国有 484 例基因治疗方案，其中涉及了各种癌症、单基因遗传病、传
染病（包括艾滋病），以及其它各种疾病等[3]。 
广义的基因治疗是指利用基因药物的治疗，而通常说的狭义的基因治疗是指




物可以是完整基因，也可以是基因片段（包括 DNA 或 RNA）；可以是替代治疗，











图 1.1 基因体内（in vivo），体外（ex vivo）疗法示意图 
































关键。无论是体内（in vivo） 还是体外（ex vivo）基因转移都需要一种安全、无
毒的工具来携带外源基因进入细胞内，这种工具被称作载体（vector）。 
一个理想的克隆载体大致应有下列一些特性： 









毒 (retrovirus, RV)[1,8,9] 、腺病毒 (adenovirus, AD)[10,11] 、腺病毒伴随病毒
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